
Le Rencontres de
Physique de la Vallee

d’Aoste
Feb 28-March 6 2010

Simona Rolli - Tufts University

Search for New Physics at the Tevatron

Simona Rolli
Tufts University

(on behalf of the CDF and D0 Collaborations)



2

Le Rencontres de
Physique de la Vallee

d’Aoste
Feb 28-March 6 2010

Simona Rolli - Tufts University

Outline of the talk

• TeVatron status

• Signature-based searches
– Dilepton/diphotons
– Dibosons resonances
– Complex final states (MET, jets, h.f.)

• Leptoquarks

• Search for SUSY

• Final remarks and conclusions
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Tevatron Status

The TeVatron is doing very well!
Data are continuously recorded with
very high efficiency (85-90%)
The machine and the detectors (CDF
and D0) are performing very well

Both experiments have collected
already more than 6 fb-1 on tape

Measurements are becoming very precise
Top quark mass known with precision < 2%

New analyses are now looking for the
needle in the hay stack

low cross section phenomena

April 2010

Today up to 5.4fb-1
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Signatures and Physics Objects

Leptons-only final states
 e/µ identification well
understood
 τ id a little more complex
 Straightforward and highly
efficient approach to search for
anomalies

… + Missing Energy  and
Photons

 Wealth of models and exotic
processes
 Need accurate understanding of
detector effects

… + Jets and heavy flavors
  More complex signatures
  Maintaining high S/√B

When a signature-based approach is
advocated, final results are generally
interpreted in terms of specific models  (typical
case dilepton searches, MET + jets)

When the  analysis is model driven and results are
presented as testing of a specific model, there is
always a check on control regions, defined in
terms of the process signature (blind analyses)

The two approaches are usually
pursued in a balanced and

complementary way

Many processes: several signatures
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Signature-based searches

Open searches, final states are analyzed for anomalies when
compared with the SM

•Mass bumps searches
•Multi-objects final state (low background)
•Global Searches

Identification efficiency, detector effects and systematic
uncertainties need to be very well understood.

The analysis might not be optimized for the latest theory model
available but it might be general enough to exclude several
other models.
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Dilepton final states

Old-fashioned mass bump hunt..
-Z production and decay into ee/µµ precisely measured
-Lepton ID/Reco and Trigger efficiencies high and very
well understood
-Background low and easily determined (QCD fakes)
-Clean events

The most significant region of excess for an e+e- invariant
mass window of 240 GeV/c2 (CDF)
      2.5 standard deviations above the SM prediction
      D0 does not see any deviation from SM in ee channel

PRL 102, 031801 (2009)

Conference Note 5923-CONF

CDF: 2.5fb-1

D0:    3.6fb-1
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Testing different models
Once the data spectrum is well understood in terms of SM background, from MC, the
acceptances for resonant states for different spin particles are derived  (Z’, RS Graviton)
and the expected number of BSM events is calculated.
In the absence of an excess of data, 95% CL limits on production cross-sections and
mass of the particles are set.

CDF 2.5fb-1
D0:3.6fb-1

mZ' > 966 GeV (SM couplings) 
mRSG > 850 GeV (k/MPl = 0.1)

mZ' > 950 GeV (SM couplings) 
mRSG > 786 GeV (k/MPl = 0.1)
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Dimuons final state

CDF has looked for bumps in the X→µµ final state: no excess is observed.

Limits are derived for several scenarios
Sneutrino: up to 866 GeV/c2 (λ2BR = 0.01), 
Z’: up to 1030 GeV/c2 (SSM Z’)
RS graviton: up to 921 GeV/c2 (K/MPL = 0.1)

PRL 102, 091805 (2009)

CDF:2.3fb-1
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Diphotons final states

arXiv.org:1004.1826

Small excess at 450 GeV/c2 (diphoton)
2.3σ significance - CDF does not observes it.. 
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Diphotons

More from Tingjun Yang
In parallel session !

CDF:5.4fb-1
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Dijet Mass Spectrum

Old fashion mass bump hunt…  Phys. Rev. D 79, 112002(2009)

D0 has also a new result out (arxiv: 1002.4594)
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Phys. Rev. Lett. 103, 191803 (2009)

Dijets Angular Distribution

Dijet angular distributions is measured  in bins of dijet mass:
• First differential cross section measurement at partonic

energies >1 TeV!
• Small experimental and theoretical uncertainties.
• Sensitive to New Physics (95% CL limits)

Consistent with
NLO pQCD

Most stringent limits to date!
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Diboson resonance searches:   Zγ

Phys. Lett. B 671 , 349 (2009 )
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Diboson resonance searches: WW/WZ

CDF PUB note 9730
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Diboson resonances:WZ

Technicolor scenario with
m(ρT )  < m(πT) + M(W)
Excluded mass 208-408
GeV/c2 @ 95% CL

Phys. Rev. Lett. 104, 061801 (2010)

W’ excluded between 188 and 502 GeV/c2,  assuming SM
coupling scaling with mass  (Sequential  SM)
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Diboson resonance searches: ZZ

CDF PUB note 9640

10% increase
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Jets+MET final state:Leptoquarks

The analysis is a counting experiment examining two different kinematic
regions (each region being more sensitive to different models) defined by
HT and MET cuts.

Cuts are not optimized for a specific model.

Data driven predictionarXiv:0912.4691
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Other Leptoquarks Results

Phys. Lett. B 671, 224 (2009)

Phys. Lett. B 681, 224 (2009)
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Leptoquarks in MET + b-jets

Conference Note 5931-CONF
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Search for Supersymmetry

• SUSY is a very popular extension of the SM…
– It solves several open issues and provide an elegant description of

bosons and fermions

MSSM particle spectrum

•On the other hand…
–Full set of new particles with constraints
on their masses (TeV scale)

•Various signatures with access to a wide
phase space

–Multileptons final states
–Jets and MET
–MET and γ
–Heavy flavors
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SUSY in Trileptons
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SUSY in Trileptons (cont’d)

1.47± 0.21
9.38±1.44

Phys. Lett. B 680, 34 (2009)

PRL 101, 251801 (2008)
and update
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Sneutrinos in e+µ/τ final states

Conference Note 5894-CONF

arxiv:1004.3042

R-parity:
R-parity violation: single sparticles can be produced
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GMSB SUSY

In gauge mediated SUSY breaking models, SUSY is broken in a hidden sector.
The breaking is communicated to (s)quarks, (s)leptons and Higgs(ino) via
gauge bosons and gaugino interactions.
Special features:

pp →( X →) χ0
1 χ0

1 2 γ + ET

- NLSP can decay early enough to occur in the detector volume

-If NLSP = neutralino, one has:

PRL 104, 011801 (2010)

2.6 fb-1
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γ+MET+ll

• Very exotic SUSY models :
– hidden valley dark photons..
– Axions decaying into muons
– Hidden-state Y cascading to dark photons

• Signature:Two spatially close leptons (no Iso), MET and γ

Phys. Rev. Lett. 103, 081802 (2009) 4.1 fb-1
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Squarks and gluinos: jets +MET

D0,PLB 660, 449 (2008), L=2.1fb-1

CDF,PRL 660, 102 (2009), L=2.0fb-1

dijets
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Search for sbottom in MET + b-jets

CDF Public Note 9969

Conference Note 5931-CONFBoth CDF and D0 use b-tagging and
different optimization of cuts for different
regions on the               mass plane

Conference Note 5931-CONF

5.2fb-1
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Stop Searches

arXiv:0912.1308
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Stop Searches (cont’d)

Conf Note 5937-CONF

D0 3.2 fb-1 : ee,eµ

CDF  1.0fb-1 : ee, µµ,eµ

Analysis cuts depend dominantly on Δm
(stop - sneutrino mass difference).
Taking this into account, the signal
region is divided into 4 regions.
For each region cuts are tuned to get
the best expected exclusion limit using
all three dilepton channels (ee, eµ, µµ).

CDF PUB note 9775
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Stop searches (cont’d)

Stop to charm

Phys. Lett. B 665 , 1 (2008 )

CDF Conf Note 9834
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Conclusions

CDF and D0 continue to probe the large, high quality Run II
dataset in search of new physics!

Today we have seen several results using  > 4 fb-1 data

The search for physics beyond the SM is carried on through
a careful analysis of various final states using model driven
as well as signature based approaches

No evidence for new physics yet, but … expect to collect
up to 10 fb-1 (or more!) by the end of Run II with very
promising expectations
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Backup
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Diphoton+X

Nominal high ET object identification and kinematic
selections are used.
The observed event counts is reported as well as SM
prediction for various kinematic distributions

X = γ

X = e

X = τ

X=MET
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Squarks into taus

-In some regions of the space parameters squarks
and gluinos  decay into final state with leptons
-Tau corridor: the stau is the lightest slepton and
lighter than chargino/neutralino
-Signature: ≥2jets, large MET and at least 1 τ
-Combined with MET + jets analysis

m0,m1/2 (100,150)

First time such channel is used Phys.Lett.B680:24-33,2009
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Tevatron vs LHC

2010-2013: TeVatron  10(-20) fb-1     @ 1.96 TeV
                    LHC         10pb-1 -1fb-1   @ 7 TeV

For the LHC to be competitive in
new particles discovery:

No QCD pair production
Yes: certain resonances 

(C.W.Bauer,Z.Ligeti,M.Schmaltz, J.Thaler and D.G.E.Walker)
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Tevatron vs LHC

Resonance Production:
qqbar and qq
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Data Taking Efficiency
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Lepton Efficiencies
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Jets and Heavy Flavor
Hadronic jets are reconstructed using several algorithms:
Cone,Midpoint, KT etc..
Measured jet energies are corrected to scale them back to the final state particle level
jet . Additionally there are corrections to associate the measured jet energy to the
parent parton energy, so that direct comparison to the theory can be made. Currently
the jet energy scale is the major source of uncertainty in the measurement of the top
quark mass and inclusive jet cross section

B-jet identification is implemented via:
-displaced vertices with Lxy/σ cut (CDF)

-Vertex mass separation (CDF)

-combining vertex properties and displaced track info with NN (D0)

-Tag to η beyond 2
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Btagging Mistag Rate (CDF)
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D0 btagging

CSIP
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Bs→µµ
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Global Searches at CDF

The goal is to perform a model-independent global search of high PT data:
-study bulk features of high PT data;
-search for resonances invariant mass distributions
-search for significant excesses at high sum-pT

Physics objects are categorized and events selected
and partitioned into ~400 exclusive final states

Pythia and MadEvent are used to implement the
SM theoretical prediction (CdfSim emulates the
detector response)
Many correction factors are used to obtain the
true SM predictions (shouldn’t a global search
work globally?)
       theory k-factors etc
       experimental efficiencies and Scale Factors,   fake rates etc

Currently observed discrepancies are explained in terms of incorrect MC modeling

The whole
high PT region
is monitored at
once
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Global Searches at D0


